Introduction
Frailty is a non-specific state of dysregulation in multiple physiological systems, vulnerability to stressors and increased risk of adverse outcomes [1, 2] . Although frailty increases with age, it is more related to the biological than the chronological age of individuals [3] . In general, frailty is superior to age in identifying at-risk older people [4] . The frailty index (FI) has been proposed as an index of deficits (i.e. symptoms, signs, diseases and disabilities) that accumulate with age [5, 6] . An individual's FI score reflects the proportion of potential deficits present in that person, and indicates the likelihood that frailty is present. The FI is a continuous variable and primarily does not classify people as frail or non-frail but rather assigns a score based on health status.
The FI has been regarded as an adequate indicator of the ageing-associated processes because it characterises these processes independently of, and more efficiently than, chronological age [7] . The construct validity of the FI is examined through its relationship to chronological age, and its criterion validity is examined in its ability to predict mortality, and in relation to other predictions including disability and use of healthcare resources [8] .
The rate of deficit accumulation is sex sensitive [9] and the FI appears to be a sensitive age-independent indicator of sex-specific physiological decline and a sex-specific discriminator of survival chances [10] . On average, women accumulate more deficits than men of the same age, but their risk of mortality is lower [11] .
The majority of studies on FI have been conducted outside Europe and there was a relative paucity of studies in the European context. The Survey of Health, Ageing and Retirement in Europe (SHARE, http://share-dev. mpisoc.mpg.de/) represented a unique opportunity to create a standard FI in Europeans and examine its properties vis-à-vis previous FI studies in non-European populations.
Methods

Setting
The study is based on the Survey of Health, Ageing and Retirement in Europe (SHARE, http://share-dev.mpisoc. mpg.de/). Based on probability samples in all participating countries, SHARE represents the non-institutionalised population aged 50 and older. Spouses were also interviewed if they were younger than 50 but we excluded them from our analyses. The first wave was collected between 2004 and 2005.
FI construction
Based on the first wave of SHARE, a 40-item FI was created as per the standard procedure [12] . Each of the 40 deficit variables was scored such that 0 = deficit absent and 1 = deficit present. The scores were added and divided by the total number of deficits evaluated (i.e. 40), to produce an FI between 0.0 (no deficits present) and 1.0 (all deficits present). For full information on the FI deficit variables and cut-off points, see the Supplementary data available in Age and Ageing online, Appendix 1.
Mortality data
Mortality data (i.e. dead, alive or missing) were collected during the second wave of the study (2005-06). The mean follow-up period between wave 1 and wave 2 was 2.4 years.
Statistical analyses
Statistical analyses were conducted with SPSS 16.0, separately for each sex. A histogram of the FI was produced to assess its distribution. The FI (Y-axis) was plotted against age (X-axis) and the curve estimation procedure was used to assess the relative fit of linear and non-linear (i.e. quadratic, cubic, exponential) regression models. The sample was divided into age categories (i.e. 50s, 60s, 70s, 80s and ≥90) and their mean FIs with 95% confidence intervals (CIs) were calculated, as well as their mortality rates. We also calculated the FI quartiles within age categories and their associated mortality rates. To assess the relative contributions of age and the FI towards mortality (in the total sample and within age subgroups), we used binary logistic regressions, unadjusted, and adjusted for age or FI as appropriate.
Results
The first wave of SHARE included 29,905 participants aged ≥50 years from 12 countries (Austria, Germany, Sweden, Netherlands, Spain, Italy, France, Denmark, Greece, Switzerland, Belgium, and Israel). There were 16,217 females (54.2%) with a mean (SD) age of 64.8 (10.4) years, and 13,688 males (45.8%) with a mean (SD) age of 64.3 (9.8) years.
The FI was obtained for every participant, but none had values for all 40 variables included in the FI. Thirty-nine variables had the recommended <5% of missing data [13] . Grip strength had 10.1% of missing data, but it was retained as it is known to be an important objective marker of frailty [14, 15] . As done by others [13] , missing values for each variable were imputed using the non-missing mean of the variable. The correlation between the original FI and the imputed FI was extremely high (adjusted linear R 2 = 0.99, P < 0.001), so the original one was used. For full 
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The frailty index in Europeans information on missing data, see the Supplementary data available in Age and Ageing online, Appendix 2. In females, the mean (SD) FI was 0.14 (0.13), and in males 0.11 (0.11). As Figure 1 shows, the distribution of the FI had the typical gamma distribution [12] . Figure 1 shows the results of the curve estimation procedures. In both sexes, the relationship between age and the FI was best described by a non-linear relationship (e.g. females: quadratic R 2 = 0.20, P < 0.001; males: quadratic R 2 = 0.14, P < 0.001). The mean FI values and values for comorbidity, disability and healthcare utilisation for each age group are plotted in the Supplementary data available in Age and Ageing online, Appendix 3.
Mortality data were available for 10,697 females and 9,092 males. Table 1 shows the overall and subgroup mortality rates, by sex. At all ages, and in both sexes, the FI was a much stronger predictor of mortality than chronological age. There were clinically significant differences in mortality between sexes, with males having greater mortality rates despite having lower mean FI values.
Discussion
We operationalised an FI in a large representative sample of community-dwelling Europeans. This adds to the existing literature because most studies on FI have been conducted outside Europe. Previous studies based on SHARE had used a definition based on frailty phenotype, and they also showed age-independent associations with their study outcomes [16, 17] .
From a theoretical perspective, our scatter plots are consistent with the fact that, in humans, trajectories of health and functioning with age are extremely variable among individuals, owing to marked population heterogeneity [18] . It is known that the accumulation of deficits has both an age-independent (background) component and an agedependent (exponential) component, akin to the well-known Gompertz-Makeham model for the risk of mortality [19] , a generalised form of which is interpreted as a law of the dependency of mortality upon 'vitality' rather than on age [20] .
The properties of the European FI are consistent with those of FIs operationalised elsewhere. In a representative, cross-sectional, Canadian survey Rockwood et al. showed that the FI was well fitted by a gamma distribution and increased exponentially with age [21] . Data from the National Long Term Care Survey in the USA showed that the FI exhibits accelerated increase with age until oldest ages, and longitudinal analysis confirmed the accelerated accumulation of deficits in ageing individuals [22] . The Health and Retirement Survey showed that the FI for cohorts born before 1942 exhibited quadratic increases with age and accelerated increases in the accumulation of health deficits [23] . Interestingly, the quadratic regression had better fit than the exponential regression in our population.
Regarding mortality, our results are consistent with previous studies showing that at all ages, a higher FI was associated with higher mortality [13, 24] , and that the FI predicts death better than chronological age [22] . In the Chinese Longitudinal Healthy Longevity Survey, the FI was a robust predictor of mortality at advanced ages and the relationship between frailty and mortality was independent of age and other covariates [25] .
The sex differences seen with our FI were also found elsewhere. In a Mexican population, women showed significantly higher mean FI values than men in the age groups younger than 80 years [26] . However, in a similar population, the association of the FI with mortality was found to be stronger among men [27] . In a Chinese population, the FI was higher in women than men for each age group, and women had an estimated 20% lesser chance of dying at a given time than did men of the same chronological age and degree of frailty [28] . Likewise, in the Beijing Longitudinal Study of Aging, deficits were more lethal in men than in women, although women had a higher mean level of frailty [29] . Various hypotheses try to explain these well-known sex differences in FI-associated mortality [30] .
In conclusion, the properties of our FI were in keeping with those of FIs derived elsewhere. If the European FI is operationalised in practice, our findings may serve as a reference to help European practitioners identify at-risk patients who need priority access to resources.
Key points
• The FI has been less studied in Europeans.
• We constructed sex-specific FIs from a large sample of Europeans.
• We studied the FI associations with age and mortality.
• The FI had the expected properties.
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